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Anmong observations carricd out according to the 1GY
program in 1957-1959, a large share belonged to investigations
of the Zarth's upper atmosphere.

The utiliztion of rockets and satellites permitted the
study of properties and physical phenoriena not only of the upper
atmosphere, but also of interplanetary space and of the iloon.

As is well known, every rocket experiment provides a
vertical cross section of the atmosphere, During the launching,
the variation of one or another atmosphere vroperty is studied
in height at a given geograpvhic voint at a siven nmoment of tirme,

Investigations on a satellite allow the obtention of
data on latitude, daily, seassonal variations oi the state of the
atmosypliere, (nly a coordination of rochets and satellites provides
the possibility to study to the fullest of w»roverties of the
urper atmosphere,

early every ex.eriment on rocket and satellite set up

during the IGY, provided new, unigque data.



The fundamental problems of the upner atmosphere were
solved as a result of investigations conducted by Soviet scien-
tists. The geophysical and space investigations were conducted
in the Soviet Union along the following basic directions :

1) structural parameters of the atrosphere (pressure,
density, temperature and atmosvhere composition) ;

2) ionization of the ionosphere and of the interplaneta-
ry space (concentration of positive ions, electrons, composition
of ions);

3) Masnetic fields of the Tarth, of the licon and of the
interplanetary space;

L) cosmic radiation;

5) ultraviolet, X — and corpusculer radiations of the Sun,
diurnal sky luminescence and night-sky glow:

6) meteor matter.

Contrary to the investigations carried out in the U,S.A.
the study of the upper atmosphere and of the intervlanetary space
in the Soviet Union was as a rule conducted in a complex fashion.
Farticularly interesting proved to be the investigations achieved
on the third artificial satellite of the Ilarth (Sputnik IIT), where
a broad program of observations was set up, and wliere nearly every
experiment was completed and verified by ancther one. Such character
of investigations has a considerable advantzge by wrovoding the
pos3ibility of a more reliable and full interpretation of the obtai-
ned results, and of establishing the interrelation be .ween the
various processes.

175 rockets were launched during 1957 — 1959, of which 153
viere meteorological and 17 — geovhysical. The launchings tock place
in midule latitudes of the Zuropean SSSR, on the Irancis Joseph
lendl (Teire dflind), and aboard sea-going vessels at various lati-

tudes from Antarctica to the northern part of the Pacific Ccean [1].
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During these launchings sphcrical containers were applied
at first; they were self-orienting — and also the retrievable
cylindrical containers with an oscillographic recvording of the
scientific instrumentation's readouts.

| The weight and shave of the containers and their complexion
were ouite varied, Sut their co:ion characteristic was the weight
and the voluze, both rather great, and providing the pousibility
to install within them of a large and cowplex instrumentation, thus
conducting invectigations according to a broad progreai.

Thus, the spherical conteiner weighs near 400 kg, with a
diameter of about one meter, 15— 20 experiments are achieved by
means of that container.

In zgeophysical rockets the ap.a

aratus is instclied in the
roczet itself, in its upler part consisting of a container of
various shapes (spherical, conical etc..), anc also in cyiindrical
containers disposed in mortars on the side of the rocket [2].

Siological invesiigzations were also conducted with the aid
of geo. lhysclal rochets. ‘nimals and the apuropriate instrumentation
were disposed in hermetically-sealed cabinz.

the sa2lveging of anicvals and containers was realized by
neans oi parachute systens,

At loaunchings to 210 km, the totel weight (payload) of the
sclentific instruments and animals reached 2200 kg, to 500 km -
1520 kgo In the latter case, the rociet orientation was stabilized
during the whole flight.,

ILside from geophysical and meteorologlcal rockets, the
investigotion of the upper atwmosphere in the Coviet Union was
also conducted with the help of a tificial satellites of the Barth,
of cosumic rociets and spaceshi s,

The lecunching on & Cctober 1957 of the first Tarth's arti-
ficial satellite "Sputnik I" vas not only a revol:tion from the

‘standpoint of rociet technique., It opened for all world scientists

broad _erspectives for furtlicr investigations.




On 5 FWoveumber 1557 Sputnik II was put into orbit, and
on 15 May 1958 — an enormous cosmic lavoratory — Sputnik III —
rose to 100 km and completed a broad program of geophysical
studies.
Together with the increase in apogee (Sputnik I —90C km,
putnik ITI — 1650 km, Sputnik IIT = 13830 ki), and of the weight (Sp.
S8y SPeIl — 500 k3, Sputnik IITI ~ 1327 kg), the osrogram

of scientific investigations was broadened considerbaly betwecn
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the first and the third svutniks.
The following basic problems were set up tefore 5p, I:
1) reaching the first cosmic velocity ; 2) study of radio-

veve propagation through the ionos:

rere) 3 %) determination of
atrosthere density by sputnik deceleration j 4) deteriination of
the satellite's therunal regime.

Aside from that, tiae influence of conditions of space
flight (load factor at blast-off, weightlessness in flight, effect
of solar and cosmic radiation etc..) on the vitaliity oi organisms,

and elso the determinsation of cozudce and solar radiat

on, conctitu-

}.Jc

ted problems set up before Sputnik II.

Sputnilt IIT constituted the most comovlex laboratory,
equipped with = contaiporary cientific research apparatus for
conducting a bioad couplex of atmos_ here investigetions.

To measure positive ion conceuntration in the atmospihcere
atove sputnik's surface, two latticea io:x traps were instelled,
end the determination of the coumposition of positive ions in the
ionosyphere was conducted with the aid of a radio-freguency nass=~
syoectroneter,

The space distribution of the constant geomagnetic field
at great heights was investigated by nmeanc of a speciel magneto-
meter.

4 cosmic ray counter regi. tered the variation of intcnsity

and the energy cpectrum of cosmic raiiation,




nlectrostatic fluxpeters measured the .Jarth's electric
ficld along -sputnik's trajectory.

ithe hard component of priery cosmic radiation '.as stu-
died with the help of a Cerenkov varticle counter,

Masnetic and ionization gages determined the atmosphere
density. Piezoelectric pickups registered the number of colli-
sions anc the enerzy oif micrometeors.

A varied inctruncnitetion acsured the tronsmiesion of the

ovtained rneasurenents to ground, the determinaticn of Jputnik's

3

trajectory, the ticrmorejulaiocn etc..

¢

~he scientific investizati-um

on rociets and
satellites provided the possibility for oviet scienticuis of
being prepared for tie realization of cosmic flizhts and the
reaching of other planets of the solar sy:ten.

On 2 January 1959 tue launching of a cosnic rocket to
the lioon was achieved (Lunik 1). The last stage of that rocket
of 1472 kg veight without fuel, vas provided with a special con-
tainer inside vhich was inctzlled a special scientiiic instru-
mentation desizned for the complex scientific experiments during
the dinvestigation ol interplanetary spoce.

With the help of tie corulce rocket,studied were the couw
pozition and the intensity of priwmary coswmic radistion, the magne-
tic ficlds of the iarth and of the .oon, the ges component of
interzlznetary matter, the Sun's corpu cular radiation an” regi-
stered were micrometeors. 4 special apparatus for the formation
of an artificial sodium comet zs also in:.eliled in tre rociet.

whe total weight of scientific and measurement apperatus
together with the feed sources and the container (vayloed) con-
stituted 361l.5kg.

‘"he cosmic rocket, cccaring the ..arth, became an artifi-
cial pimet of the solcr system with a rotation peridd around

the Sun of ébout 15 months. Its orbit reaches toward the Mars orbit




to & distance about four times nearsr than the orbit of the
Larth.

The first in the history of mankind flight toward the
oon started on 12 Sevntember 1959.

On 14 September at 00 hrs 02' 24 ' Moscow Time the second
cosmic rocket (Lunik II) reached the surface of the ioon.

To ensure hitting the iloon in the absence of the co.:ection
of its motion over the vortion of the free flight, the rociket's
motion at the end of the period of acceleration had to be quite
precise. 'or a reliable hitting the loon (radius — 1740 km) the
deflection of velocity from the assigned could not be more than
several meters per second, i,e, of 0,01%, while the variation of
the velocity vector in a direction by comparisen with the computed
one could not exceed one tenth of a degree. The blast off time
nust have been held up to several seconds.

The actual fact of having hit the lioon attests about the
high control system's precision over the zctive portion, and the
perfection of the starting system, together with the hizhest re~
liability of the automation.

During that flight to the lloon, investigeted were the magne-
tec fields of the Zarth and the iloon, the cosidc raiiation with the
heavy nuclei in it, the larth's radiation belts, the gas component
of the interplanetary maiter and meteor perticles,

On & October 1959 launched was the third cosmic rocket
with an automatic interplanetary station (Lunik II1), which, among
other investigations, conductea the vphotographing of the far side
of the lioon, Thus, in the course of the IGY, 158 launchings were
pverformed with the view of d termining the pressure, atmosphere
temperature below 100 knm at varioué tites of the year and at various

latitudes,




Yor the study of vhysical properties of the atmosphere
and interplanetary space beyond 100 km, 129 following experiments

were carried out :

EXPERIMEDNTS Numbe? of
Launchings

lieasurement of the concentration of
free electrons in the ionosvhere ....cvveessscses 9

Determination of the ion cowmponent of

the 10N0SPheTre sececereesesrsserossescscscsnsossesas 10
liecasurements of the concentration of

positive ions in the 10noSpPhere seeeeeeeccoscoss 16
licasurement of electron temperatirTe eececosececss 6
Measurenent of @iy PresSSUTe seceereoenc noosssnose 18
Taking air SailPleS eeecesecocevsosssoosseccsoscnsoa 2

Registration of particle and micrometeor collisions 18

Tegistration of the ultraviolet

reion of the svectrUll sieeetcesersveeccccrcococass 7
lleasurenent of sky brightness seeecececsessecsoas 6
Registration of the ternperature of

air's boundary Layer eeeceeeececscscectoccscsscans L
Registration of corpuscular fluxes e eneneae 8
Investigation of COSMIC TBYS sasevesscocesscsoaes 8
Measurenents of electrostatic fields eveceeeccssns e
Registration of Sun's X~-radiation eveceececceoses

Study of the composition of primary

cosMic radiation eceseesssoncecsceiciaossascoseane L
Determinetion of the intensity of

the magnetic field seveevoveecccovecerecocssocnns 2
Investigation of radiation belts .v.eveevesvevees 2

Study of the gas component of interplanetary

o
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Deternination of loon's radicactivity eeeevees.s,

As a rezult of investimations by means of meteorological

geovhysical and cosuic rockets and Tarth's satellites, new data



on the properties of the atwosphere and of interplanetzry space
have been obtained, and mutual relationships were esteblished
betwecn various physical phenomena, Zesides, certain new fundamental

discoveries were made.

EARTH'S RADIATION BELTS

One oi the prominent re.ults ol investigations by cocnic
rockets and satellites is the discovery of radiation belts, i.e.
of regions of high radiation intensity, consisting of charged par-
ticles moving in the arth's nmegnetic field. Systematic mecasurements
allowed the establishment of boundarics for thece belts, the compo-
sition of particles and the radiation intensity [3 — 5]. vhese ra-
dlazation zones, their radiation intensity and their distznce from
the iarth, are indicated in Tigures 1 and 2, it has been proven by
experiemnts aboard the Sputnik III, that the height of the lower
boundary of the inner zone in the ’'astern hemisphere is ~ 1500 kn,
and 7~ 500 km in the “‘estern herispl.ere (the diflerence is the
result of magnetic dipole displacement relative to the center of the
arth,. iccordiing to measurement data obtzined by that coswmic rocket
the boundary oi the outer zone is at 15000 km, end the intensity
maximum is observed at 26 000 km, At 55000 km the intencity of
terrestrial raciation is cuasi nil. Teginning witix tlhe 66 GO0 km
altitude, the intensity of reiiations is conctant : about 2 npart. cmz/sec.

lleazurements have shown, that in the outcr radiztion zone
the radiation intensity is great, but particles heve a roletively
low energy.

The mean energy of electrons at 40 to 50 thousend km is near
50 keV, In the center of the zone the nean energy is of 25 keV.

The particle intensity in the outer zone at a rather small
height mey vary in moonitude by about one order.

I'rotons with encrcies of the order of 100 leV have bheen
revealed in the inncr zone. Lccorcing to meacureients the stability

o1 radiation intensity in the inner zone is better tian L 15 percent.



Beyond the magnetic field of the Zarth (at more then
65000 km from the center of the Tarth) the charged particle flux
is 1300 £ 80 Tarticle/m< sec . steradj the photon flux has the
energies of 45 =~ L50 keV = 3200 1 100 quanta/ma sec » sterad
and the photon flux with energy of Q.45 — 4,5 MeV is equal to
1000 +1C0 quanta/m2 + sec - sterad.
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FIG, 1. Trajectory of thic rocket in geomagnetic
cocrainates

The indicated time of fiight is lloscow time and the raliation
intensity (vertical lines reciting on the trzjcctory). The aigre-
gate ionization is taten as a ucosure of intensiiy. . agnetic lines
of force are pictured, intercecting the Terta's surizce at gtomagne-
tic lstitudes 50, <0, 55, 65 and 70° (th: mc netic field is a di-
polc field with geome nctic pole coordinates 78,59 N and 65° E).
Dots indicate the inner zone, dasihes - the outer zone. The con-
sistency oif shading pgivez & :uclitative reproerentation zbout the
diztributisn or dntensity in the outer zome [3].
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Concerning the origin oi radiation beclts several hyvotheses
were advoaced, The observed cpectra and the cowmposition of radia-
tions in the inncr zone are well explained by the hypothesis of
its orizin as a result oif neutron decay [4]. mder the eiiect of
coznmic rays orijinating in space atom nuclei entcring in the com-
position of the atmosphere are disintegraoted and neutrons are for-
med. llear the Ilarth pert of neutrons disintegrates with the forme’
tion of electrons and protons. The other part escapes into space.
The charged particles with comparatively low energies result trapped
in the Sarth's magnetic field, where they move, climbing during a
long time zlong the lines of force of tre larth's masznetic field.

The outer raciation zone apgarently is the result of solar

corpuscular streams! injection into the geomarnstic field.

;
R

L 1 1 L 1 1 ! 1 1 1 |

1 1 i
7 10 20 J0 40 S0 54 70 84 g0 106 #3120 130 140 Rhm

e 2. 'otal donizaticn as a fTunction of flight
it of the cosiic rocket [%].
The corpuscular strecams consist of neutral particles and of
an ecual number of positively and nepatively charged particles.

Fart ol t.e latter is castured by tihc mametic rield.
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Fige 2. Total ionizetion's dependence on the flight
altitudé of the swvece rocket [2]

Thanks to current mcesureients by ion traps on cosmic
rocxets, a third,-outermost rediation belt was detected. It con-
sists basically of couparatively soft electrons with eners
above 200 eV. At a distance of 50000 km tie electron flux with
5 >200ev, N<2 » 107 ca “ sec -l‘, in the belt region
55000km < R € 75000 km , N2 10% ca™? sec™t L61.

1+t iz assumed thnat this velt if formed as & recult of

permanent weak corpuscular strecam, solar wind intersction with

the Zarth's magnetic field [7]. An energy realstribution teakes

+

»lace — from protons to electrons — on account of interaction.

Radiation belts change significantly their characteristics

depending upon the =dlar activity.
i P

“he detection of radiztion belts cround t-e Zarth provides

the po.sibility of concluding that any ceicstial body, having a
magnetic field. nust have rediection belts, 1t msr be a-sumed that

Mars and venus &lso porcess sisnificant redéiation belts.
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l.agnetic rield.

[

Investigations of the llarth's mapznetic field led to
deductions broadening our representations of its variations.
Cn the basis of the experimcnts carried out, one wmay ascume that

variationz of tie larth's mosnetic field are sprarently caused

by tunc existence in tas ilorosshere of local current systems, and

that t:e Sun ererisan active effect upon the geomesgnetic field.
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109 km

Fige 5e llagnetic field of the iiarth as a

function of distance.
Dashed curve — theoretically computed values j solid
curve — ncasured values ofi the field ; Dash-dotted curve -
— difierence between the theoretically computed and the
measured values of the field,

flge 5 shows the variation of tle Tarth's mosnetic field

according to theory and its value deterninec by the cosmic rociet

e, 9] .



An anomaly in nmagnetic field variatiocon is observed at a
distance of 21 000 km from the cenfer of the Harth., It begins to
rise and rcaches the maximum value of SOO’Y at the distance of
22 000 km, and then it decreases. Cne may assume that the observed
variations of the masnetic field are linked with the outer radiation
zone and may be explained by the suverimposition wne magnetic
field of the Barth of that of the corpuscular zone wiich hes two
maxima, respectively at 20000 and 23 000km from the center of
the Tarth (fiz., 3). One of the ccuses of the appecarance of the ma-
gnetic field of the radiation zone may lie in drift-currents,
occu.ring on account of the drift of chergcd perticles in the masne~-
tic field of the Zarth. The variations in the position of the outer
radiation zone and its intensity are correlated with ma:netic storms
and auroraé. The stronger the na metic storm, the closer fo Sarth
is the maximum of the outer zone'z radiation. The farther from the
mowment of the magnetic storm, the farther disposed is the maximum
from thxe Sarth, :

As a re.ult of investigations conducted on the 3rd arti-
ficial satellite, nevw data vere obtained on tlie conztant macnetic
field of the Zarth. Its measurements in the Tastern Siberian anoma~
ly points to deep-seated sources of that anomaly, which is contrary

to vrevious assumptions.,

Ionization and Conposition of . tmospheric Tons.

Interesting data were obtained on atmosphere ionization.
“he measurenents carried out have shown that the earliecr assumed
sharply~-exrressed laminzted character (E, Fj and Fo -~ layers) of
elecfron dictribution with height in the atmos?here is absent.
Zlectron concentration increases as of about 100 km altitude, rea-
ching a maximum at about 300 km, and then it slowly decreases
(fige 4) . On February 24, 1958 a 1 + 10° cr? electron concentration
was observed at 473 km, which was only twice as low as that at 300

km, lleasurements of positive ion content in tlie atmosphere to 1000 km



permitted to establish that their concentration is near that of

elcctrons, Cn 15 iiay 1258 the concentration of positive ions at

795 im was ecuzl to 1.9 + 107 ions/cm” [10].
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a — 0618 hrson 16 ilay 1957; & — 0627 hrs on 25 4ug.l957
€ — 195k hrson 9 5e¢D.1957 3 © — 11 40hrs on 21 “eb, 1958,

These results also sug;est about the slow variation of
atmosphére ionization above 300 km altitude.

llew data on ion compocition in the atmosphere in the
100~1000 kn altitude range have also been obtained [11].

Investigations have shown that atomic oxygen ions predo-
minate at these hcights. The atmosphere composition is nitrogen-
xyzen and not hydrogen as was earlier assumed, to at least 1000 km
altitude, The compesition of the lonosphere. varies with altitude
anca latitude. .

lolecular nitrogen Ng-, nitroren oxide MO+, molecular
oxygen Oy oxygen isotope (016)4} oxygen atom C¥ and nitrogen
atom N ions are observed in the 225 = 500 zn altitude range,

“bove 5C0 km the ionouphere conzists of atouic oxygen and

. nitrogen lons. l.oleccular ions' share there is less than 0.,1%.
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Density of the ‘tmosnhere.

On the basis of mc surerments obtained witl:. the aid of
manoneters, by satellite ceceleration, from sodium cloud diffusion
etc., the density of the atmospiere was determined to 700 km alti-
tude, and also the teuperature and pres-ure oi the atmosypieric gas.
1t ro ulted that above 200 km the atmocphere density is 5 to 10
times higher than the values earlier admitted on the basis mainly
of theoretical sulvositions. Thus, on 16 ay 1955 there were =bout
Z ~lO9 particles/cm3 at £50 kn, and 8 e 107'particle/cr3 at 500 km
[12]. The concentration decrecase at these altitudes takes place at
a much slower pace than at lower altitules, where the concentration

decreases about 10 times at altitude incr:ase by 10 km (Fiz. 5).
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Filge H5e Density vari.tion with altitude [12]

“olid line — accorcing to manometric :eagurermcent data
of 3putnil 1II 5 dashed line — zccorcing to mecsurenents
by means of other Soviet satellites and rociieis,

it such high dencity the gas te: 2crature is also high, At
200 k¥m it reaches 1000°K.
It is establicshed tunat tie atmocshere is not any sort of

colar acti-

+h

congealed formation, Its perameters vary as lunctions o
vity. Latitude and seasonsl varictions of temperature and Gencity
of the atnossnhcre b

heve n ocetected. Yhe atmosphere boundary
extends to 2000 -~ Z0CO

ec
km zbove the liarth,



Meteors.

During expcrinents on rocliets and satellites by special
instruments ~— piezoclectric pickups - number oi particle colli-
sions and thelr energy were measured, Collisions of particles

with smaell masscs were noted [137] (sec Table):

lass of re-| :umber

lieans of Investigation Date gictered o?
particles collisions
at v =4Oinm ne/sec

ser second

Spubtnik IITI ... ..... RN 15.V 1958 8-10-9—2,7.10-8 4—11
16—17.V~1958 5-10¢

18—26.V 1958 <10

irst Cosidc Tocizet e »2.1 1959 2,5.107*—1,5.10°¢ <2.1073
1,5-1078—-2.40-7 <5-107*

>2.10-7. <140
40~—6.10~0 < 5.1075
6-40~9—1,5.10° | < 5.10-

o

second Cosmic Tlocket <o) 12.1X-1959

>1,5-10"¢ g-10-°

Third Cosmic Rocket cee| 4XT1959 . 107°—3.10"° 4-107
18.X 1959 " 3.1079—8.10~° 2.10-®

>8.107° 4-40~*

The resulits of mecaculii.cnts #0000 that near thoe _arth

the density of meteor matter varies.

Corpuscular radiestion, Heavy Hucledi,

As a rceTuie ox inv.stigations corpuscular fluxes with
tremendous energlies — to several hundreds of keV were registered
Ci47.

The presence of heavy nuclei, with a charge above *0
was revealed in thc composition of tie cosmic radiation, heir
nuzber is about 10000 times smeller than thet of heavy nuclei
i7ith a charge cbhove 16 [15]. Uniue data vere obtained during in-
vestigations near the iloon. It was established by ex,criments on
the second cosmic rocket, that the magznetic field of the Ioon is

at least L00 times less intense than at the Tarth's surface.
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The radiation intensity measured during the time of rocket's
nearing the iloon's surface, at a distance to 1000 km, does not
differ from that of cosuic background within 107 limits.

Conse uently, one may consider that no zone of increased
radiation exists ncar the iloon.

Thereiore, thc results of investigations obtained during .
the IGY, have broadened our representations cbout the upper atmo-
gphere and the interplenetary (cosmic) space.

These invesiigations constitute a new, enormous step for-
ward in our knovlcdge of physics of phenomena in the usper atmosphe-~
rc and cosmos, Subseguent investigations should allow the explana-
tion of the origin of the farth's masnetic field, radiation belts,

their interrelstion, and the caucze of heating of upper atmosphere

Invettigations according the IGY Program were conducted
auring the period of solar activity maximum, It was ectablished
that the solar activity influences all processes taking place in
the upper atmozphere, ior a full understanding of the correlation
betveen phenomena in the upoer atmosvhere and the solar activity,
and for the determination of cusntitative links betwecn these pro-
ceses, it is necessary to cxtend these counplex investigations

wore particularly during tre period of solar activity minimum.

wxksrsr B N D suwws

Translated by ANDRE L, BRICH/IIT
for the

WATIOWAL AulCWAULICS _il0 510l ADNINISTITRATION

L July, 1962
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